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When the aperture of the trepanation has been made large enough the crown, which will be found freely mobile inside its crypt, can easily be brought out with a small instrument, like a Warwick James elevator, applied to the occlusal surface for moving the tooth away from 7 in a downwards, backwards and outwards rotation. Fig 3A shows a radiograph with the tooth in situ, Fig 3B after removal. With suitable after-care the ncision heals without difficulty (Fig 4) .
A full account of this work appears elsewhere (Bowdler Henry 1969) . REFERENCES Henry C Bowdler (1934) Arris School, London) Towards the end of the last century W D Miller (1890) proposed that bacteria were vital agents in the etiology of dental caries, and since that time few have challenged this view. Miller's experiments consisted of incubating a tooth in a mixture of saliva and bread, and observing that the salivary organisms fermented the carbohydrate to produce sufficient acid to decalcify the tooth. Bacteria and Caries Despite this early recognition of the importance of bacteria it was not until quite recently that more direct evidence became available. Orland and his co-workers (1954) reported that animals fed a diet which normally produced caries failed to do so when they were maintained completely free of bacteria.
A multibacterial concept of dental caries evolved which rather tended to turn attention away from the organisms towards the tooth surface and attempts were made to devise methods of making tooth surfaces less prone to acid attack. However, Sims (1965) showed by study of the relative numbers of various organisms in the dental plaque that streptococci alone were present in sufficiently high concentrations to cause the rapid production of acid necessary to initiate a carious lesion.
Meanwhile it was demonstrated both in hamsters and rats that caries could be initiated by means of single strains of streptococci, though the strains were different for the two species of animal (Fitzgerald et al. 1960 , Fitzgerald & Keyes 1968 ). Keyes (1960) showed that, in rats and hamsters at any rate, caries is a communicable disease. In these experiments female animals with carious lesions were divided into two groups: in one group the caries-inducing organisms were depressed by means of penicillin. The result was that litters from the depressed group did not have the caries-producing organisms and hence did not develop caries; the litters of the nondepressed groups developed caries. It was then found that by mixing together the depressed and nondepressed animals in the same cage the hitherto caries-free animals developed caries. This could be achieved just as effectively by inoculating the depressed animals with cariogenic streptococci or by transferring plaque from the carious animals to them, or simply by putting them into an unsterilized cage previously occupied by the nondepressed carious animals.
Although of course there is no evidence to support the view that caries is transmissible in man, this work does invite interesting speculation. For example, if it were to be shown that cariogenic organisnms are passed from one human subject to another, or that members of a family harbour the same cariogenic oral flora, and that certain bacteria of the human oral flora have a cariogenic potential, then it should be possible to devise tests to establish caries-proneness and possibly discover an acceptable antibacterial agent specific for the particular organism or organisms involved. Further, it might be possible to elaborate a vaccine against the offending organisms, and encouragement for this approach was found when Bowen (1969) reported a pilot study in which there had been a considerable reduction in caries in 3 monkeys which had been given a vaccine when compared with 3 controls which had not. Bowen's findings should certainly encourage a reinvestigation of the immunological aspects of caries, an approach which in the past has been unfruitful and neglected.
Bacterial Plaque It has long been recognized that caries arises at specific parts of the tooth: the occlusal fissures, buccal, lingual and palatal pits, and the smooth surfaces aiound the contact point and gingival margins. These zones are often referred to as stagnation areas and are parts of the tooth where bacterial plaque accumulates. In recent years this deposit has aroused great interest both from the microbiological and from the biochemical point of view.
It appears that it was first called plaque by Williams (1898) . Bibby (1931) referred to it as a mucobacterial film and Goldman (1953) called it materia alba. Dawes et al. (1963) proposed the term 'dental plaque' and argued that all other terms should be abandoned. They define this structure as: 'the soft, concentrated mass consisting mainly of a large variety of bacteria, together with a certain amount of cellular debris, which develops within a short time of refraining from toothbrushing . . . It occurs especially, approximally and at the gingival margins and also over carious lesions. It is not removed by rinsing with water.'
In a recent paper, Bibby (1968) commends this definition, but points out that our knowledge of the variations and composition of the plaque is It is indeed these variations that make many aspects of plaque from human subjects difficult to study and in order to overcome these problems the artificial mouth technique described by Pigman et al. (1952) has been adapted and modified (Fig 1) .
In the centre circle drawn to scale is the incubation chamber, identical to that described by Sidaway et al. (1964) , in which are indicated two teeth. Dripping on to the teeth are artificial saliva and a nutrient supply, the composition of which varies according to the experiment. The fluids are delivered at controlled rates by means of peristaltic pumps. The saliva flow is maintained at a continuous rate of 1 ml per hour, but the nutrient is phased by programmed time switches. Not only can the mouth be fed at appropriate mealtimes but also, it can be made to receive 'between-meal snacks'.
The pH of the tooth-plaque can be measured by indwelling microelectrodes linked to a pH meter. The gaseous environment within the mouth is CO2 enriched by daily flushing with a mixture of 95 % air and 5% 5O2. The fluids accumulate in the bottom of the unit and are siphoned out into the reservoir.
The whole system, including the reservoirs, tubing, mouth unit and contents, is sterilized and the whole mounted in a cabinet kept at approximately 370 C.
After the mouth has been running satisfactorily for about forty-eight hours, during which time no visible deposits appear, the tooth is inoculated. So far only one organism has been used which is a Gram-positive streptococcus of the Ingbritt strain which produces caries in primates and rodents.
Within a very short time after inoculation the teeth begin to accumulate a white deposit which after a week appears as in Fig 2. When examined out of the unit this deposit is adherent to the tooth; it also feels slimy, a description which has been applied to human plaque. Microscopically it resembles human plaque but of course its flora is restricted to the single organism only. Under the electron microscope the similarity continues. The artificial plaque will grow just as readily on acrylic resin, but the growth appears more luxuriant the rougher the plastic material.
Up to the present this work has been limited to pilot experiments but studies are now beginning to determine the influence of dietary and other factors on plaque growth and metabolism and the effect of substances which may specifically inhibit plaque formation. To test the value of such substances it is necessary to employ precisely controlled conditions, and providing its inherent limitations are taken into account the artificial mouth would seem to be an acceptable technique.
Biochemistry ofPlaque Recent work on the chemical structure of the plaque favours the view that the matrix is composed of mucopolysaccharides mostly of the dextran variety (Carlsson & Egelberg 1965 , Wood & Critchley 1966 . The evidence indicates that most of the bacteria known to cause caries are also capable of synthesizing extracellular dextrans when grown on sucrose-rich media. Krasse (1965) and Frostell et al. (1967) showed that plaque formation in vivo was primarily governed by the availability of sucrose in the diet.
Carlsson & Egelberg (1965) showed that in man dietary composition strongly affects the pattern of plaque deposition both in respect of type and amount. For example, on a carbohydrate-free diet a thin film covered the teeth after a few days, but this did not seem to increase very much during a seven-day period. If glucose was included in the diet the pattern was essentially similar. However, if sucrose was included instead of glucose, considerably more plaque was formed and was quite different in appearance. Instead of the thin amorphous film there were globular structures formed on the surface of the teeth.
This and other work has modified views on the formation of the plaque matrix. For a long time it was believed that dietary sugars were bacterially fermented to lactic and other organic acids, which in turn caused salivary mucoids to be precipitated on the tooth, thus initiating or adding to the body of the plaque. The fact that glucose and other sugars can be broken down very readily to organic acids and yet their consumption in the diet results only in sparse plaque formation led to the view that sucrose has a decisive role to play in plaque formation. Leach (1967) added further weight to this view when he reported that most of the saccharide components of salivary mucin are labile in the mouth, and are released and broken down by bacterial enzymes, and that salivary saccharides are found in the plaque in trace amounts only.
Dextranase
The extracellular polysaccharides are mostly dextrans and it is because of this that there has been such tremendous interest in dextranase, an enzyme capable of breaking down dextrans.
Dextranase is produced from a culture filtrate of a fungus which has been provided with dextran as substrate; Penicillium funiculosum or Penicillium lilacinum are the two fungi used so far. Guggenheim & Schroeder (1967) and Bowen (1968) showed by in vitro experiments that inhibition of dextran synthesis by cariogenic streptococci growing on sucrose-containing media occurred in the presence of dextranase. Almost simultaneously Fitzgerald & Keyes (1968) demonstrated that both plaque accumulation and caries was inhibited when dextranase was included in the food and drinking water.
Konig & Guggenheim (1968) , however, found in rats under relative gnotobiotic conditions that dextranase administered in the drinking water caused no inhibition of plaque or caries, but that when it was given in both the water and diet there was partial inhibition of fissure and smooth surface caries and plaque formation.
The differences in findings of these two studies may be due to several reasons. The dextranase used may have been of insufficient specificity for the particular dextrans synthesized, dextran being the name of a group of polyglucans of widely varying molecular weight. A low molecular weight dextran is of the order of 8-0 x 104, whereas a high molecular weight dextran can be as great as 20 x 107. It is by no means certain that the dextranases derived from Penicillium lilacinum and Penicillium funicuilosuim are identical in either structure or activity. There is one further very important property of dextranase: it is heat labile and thus readily destroyed by any form of food preparation involving cooking.
Dextranase may have an important role in caries prevention in the future, but on the evidence available at present judgment must be reserved. If, however, further animal and laboratory work is encouraging, a full-scale doubleblind controlled clinical trial must be initiated. Whilst there is reliable evidence that dextrans play a significant role in plaque metabolism and make important contributions to such physical characteristics of plaque as bulk, sliminess and low diffusivity to solutions, it must be remembered that dextrans provide only a proportion of the total weight of plaque, the remainder being made up of organisms, water and proteins. Regard to the role of these other constituents must not be neglected.
The Role of Acid Having established the importance of sucrose in the formation of plaque matrix, it is now appropriate to examine the role of sucrose and other carbohydrates in the formation of acid at the plaque-enamel interface. Earlier work by Stephan (1940) and later by Kleinberg (1961) employed surface electrodes to determine the pH of the plaque.
Recent work employing the technique of telemetry carried out by Graf & Mulhlemann (1965 has largely confirmed the previous findings. These workers took subjects with molar and premolar teeth missing and fabricated an appliance resembling a partial denture, and which can be worn as such. In place of an artificial tooth, adjacent to a natural abutment tooth is inserted an extracted intact natural tooth in which is present a miniature glass electrode. This is positioned just below the contact area of the natural and appliance teeth, and is connected to a micro radio-transmitter incorporated in another part of the appliance, the emitted frequency of which is inversely proportional to the hydrogen ion concentration of the fluid bathing the electrode. A receiver sited near the subject is coupled with apparatus capable of producing a permanent record of pH changes in the contact areas. All these studies confirm that the readily fermentable sugars in the presence of bacterial plaque cause a rapid fall in pH of the plaque/enamel interface, and that this can remain below its critical value for periods of time as long as an hour.
Although the vital role of sucrose in caries is undeniable, the magnitude of the response to this dietary challenge is not entirely predictable. However, recent work mainly in the animal field is beginning to reveal that not only is sucrose itself important but, in addition, the pattern of its consumption influences the caries response. Konig et al. (1968) reported experiments in which rats were each fed 6 grams of high-sucrose diet. By means of a programmed feeding machine the 6 grams could be dispensed to the rats in the form of 12, 18, 24 or 30 meals per day. The animals gained weight comparablyexcept the ad libitum control group which gained weight at a greater rate because they ate almost double the amount of food, but as the frequency of eating increased, so did the number of fissure lesions. In fact, the ad libitum group which consumed twice as much sucrose as the remaining groups had on average slightly less caries than the 30-meals-perday animals.
Cariogenicity of Bread For many years it was believed that breads were cariogenic foods but that brown bread was much less harmful than white, and it was suggested that high extraction removed some protective factor from the bread. It is certainly true that dentists see patients who have little or no caries and who claim that they eat brown bread only. However, such patients are usually particular about eating other foods, often sucrose-containing ones being avoided; thus there is no real evidence that the low extraction bread is responsible for reduced caries. The question was studied by K6nig (1967) , again using rats. The breads tested were one containing 70% extraction rate wheat flour and another containing whole rye grains and wholemeal flour. Both resulted in a low caries response, but with brown bread the caries rate was consistently higher. When sucrose was added to both breads the caries rate increased greatly but again the brown bread had a consistently high caries response.
It has been postulated that the higher caries response to brown wholemeal bread was due to the higher content of vitamins of the B group present in this food. Whilst vitamins have an important role in tooth development before eruption and indeed in the body as a whole, they are also necessary for the metabolic activities of local bacteria in the mouth, and it may well prove that wholemeal bread exerts its higher cariogenicity because of its richer vitamin content.
The hypothesis was tested by Konig (1967) who fed rats vitamin-B-enriched and unenriched white bread. The enriched bread group had a greater caries response although these animals consumed, on average, less food.
Phosphate Additives to the Diet The addition of phosphate compounds to the diet has aroused considerable interest. Harris & Nizel (1959) and McClure (1959) found that phosphates added to the diet of rodents caused a reduction in the incidence of caries. However, when 2 % dicalcium phosphate was added to dietary carbohydrates of children, no significant overall reduction in caries was found at first, but later there was a significant reduction in caries of premolar and molar teeth (Bibby & Averill 1963 , Averill & Bibby 1964 . More recently, however, Stookey et al. (1967) gave pre-sweetened breakfast cereals to children aged 5-16 years to which had been added 1 % NaH2PO4 and Na2HPO4. A 20-40% reduction of caries was reported after two years. Harris et al. (1968) , in Australia, supplemented certain carbohydrate items of diet of institutional children aged 5-17 with calcium phosphate. After two years the reduction in caries was of the ordei of 25 %. Finn (1967) reported similar findings in children who chewed phosphate-enriched sugared chewing gum, the reductions in this study being greater than with sugarless gum.
Fluorides
So far attention has been focused on bacteria and the bacterial plaque and dietary elements. It is now appropriate to consider the tooth itself. Microscopists, chemists, crystallographers and others have studied the tissues of the tooth in an attempt to find consistent and recognizable differences between the tooth which becomes decayed and the one which does not. As far as can be determined, the only difference lies in the fluoride content of the enamel and as is well known fluoride-containing teeth can remain caries-free.
Recent work in the fluoride field has largely been concerned with providing further confirmation of the effectiveness of the procedure and elucidating the mechanism of fluoride protection. Studies from all over the world continue to be reported showing that fluoridation of public water supplies reduces dental caries by about 50 %. The recently published data of the Evanston study (Blayney & Hill 1967) , one of the early USA artificial fluoridation programmes, shows that 14-year-old children who have consumed fluoridated water for the whole of their life have about half the decay experience of theii controls who did not drink fluoridated water.
The precise mode of action of fluorides continues to remain obscure, but employment of the telemetry method to determine fluoride activity in oral fluids, recently described by Muihlemann (1969) in a preliminary report, may help considerably in solving this problem. The technique is essentially similar to that described by Graf & Miihlemann (1966) to measure pH changes at the plaque enamel interface beneath the contact point (vide supra) except that the micro-pH electrode is replaced by a fluoride sensor.
There has recently been resurgence of interest in topical fluorides, not only in solutions applied by the dentist but in the form of fluoride rinses. The use fortnightly since 1960 of a 0-2% rinse of sodium fluoride solution has resulted in an almost 50% reduction of the mean number of fillings inserted for each child by the Dental Service caring for Goteborg elementary school children (Torell & Ericsson 1967) . Before a final evaluation of the procedure can be made, the results of further studies being carried out in Britain and elsewhere must be awaited.
There have been many reports recently showing the value of fluoride-containing toothpastes; in 46 844 Proc. roy. Soc. Med. Volume 62 August 1969 20 one of them (Naylor & Emslie 1967) it was found that the use of fluoridated pastes had a greater beneficial effect on newly erupted teeth. Thus it would seem that fluoride pastes provided greatest protection at the time when tooth vulnerability is highest (Hodge 1943 , Larson & Fitzgerald 1964 ). This study was carried out over a three-year period on London school children aged 11 at the beginning. It was unsupervised, and whilst we know that many children used the paste conscientiously, some used it only spasmodically and a few never used it at all. If this study had been supervised, the value of fluoride pastes on newlyerupted teeth would almost certainly have been more apparent.
Summary
A brief account has been given of selected pieces of recent caries research which have direct practical significance. The role of micro-organisms in formation of bacterial plaque, and their ability to ferment sugars to form organic acids capable of attacking the tooth surface, has been emphasized, and various aspects of dietary control have been evaluated.
